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Use of a contrast enhanced CBCT based strategy to assess technical success after EVAR is feasible, and allows
reduction of total in hospital radiation exposure and contrast medium volume injected.Objectives: This study evaluated a new strategy to assess technical success after standard and complex
endovascular aortic repair (EVAR), combining completion contrast enhanced cone beam computed tomography
(ceCBCT) and post-operative contrast enhanced ultrasound (CEUS).
Methods: Patients treated with bifurcated or fenestrated and branched endografts in the hybrid room during the
study period were included. From December 2012 to July 2013, a completion angiogram (CA) was performed at
the end of the procedure, and computed tomography angiography (CTA) before discharge (group 1). From
October 2013 to April 2014, a completion ceCBCT was performed, followed by CEUS during the 30 day post-
operative period (group 2). The rate of peri-operative events (type I or III endoleaks, kinks, occlusion of target
vessels), need for additional procedures or early secondary procedures, total radiation exposure (mSv), and total
volume of contrast medium injected were compared.
Results: Seventy-nine patients were included in group 1 and 54 in group 2. Peri-operative event rates were
respectively 8.9% (n ¼ 7) and 33.3% (n¼ 18) (p ¼ .001). Additional procedures were performed in seven patients
(8.9%) in group 1 versus 17 (31.5%) in group 2 (p¼ .001).Two early secondary procedures were performed in group
2 (3.7%), and three (3.8%) in group 1 (p ¼ .978). Median radiation exposure due to CBCT was 7 Gy cm2 (5.25e8)
(36%, 27%, and 9% of the total procedure exposure, respectively for bifurcated, fenestrated, and branched
endografts). CEUS did not diagnose endoleaks or any adverse events not diagnosed by ceCBCT. Overall radiation
and volume of contrast injected during the patient hospital stay in groups 1 and 2 were 34 (25.8e47.3) and 11 (5e
20.5) mSv, and 184 (150e240) and 91 (70e132.8) mL respectively (reduction of 68% and 50%, p < .001).
Conclusions: Completion ceCBCT is achievable in routine practice to assess technical success after EVAR.
Strategies to evaluate technical success combining ceCBCT and CEUS can reduce total in hospital radiation
exposure and contrast medium volume injection.
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Technical successINTRODUCTION
Radiation exposure of patients and vascular surgical teams
is of growing concern.1,2 For endovascular aortic repair
(EVAR), patients undergo several repeated exposures to X-
rays: before (pre-operative computed tomography angiog-
raphy [CTA]), during (peri-operative ﬂuoroscopy andrresponding author. S. Haulon, Vascular Surgery, Aortic Centre,
U1008, Université Lille Nord France, Hôpital Cardiologique, CHRU
ance.
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//dx.doi.org/10.1016/j.ejvs.2015.01.010angiography), and after the procedure (post-operative CTA
during the ﬁrst month following the procedure and yearly
thereafter). X-ray exposure induces biological effects.3 First,
deterministic effects are threshold dependent, often
described as occurring for peak skin dose (PSD) in excess of
2 Gy, with a severity correlating well with the extent of the
exposure. The main clinical manifestation is cutaneous,
ranging from skin burn to severe ulcer with tissue loss, and
traditionally it appears 2 weeks to 2 years after exposure.
Stochastic effects have also been described; their onset
cannot be predicted and they occur even after limited
exposure. They are mainly responsible for cancer develop-
ment, or malformations in offspring.
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exposure to the minimum required. This is known as the As
Low As Reasonably Achievable (or ALARA) principle.4 This
concept implies the need to understand the lowest expo-
sure required to perform a procedure safely. Recommen-
dations to decrease radiation during procedures under
ﬂuoroscopic guidance result from this concept and are
widely available in the literature.5 Furthermore, follow up
after EVAR can also be achieved by duplex ultrasound with
plain abdominal radiography, with additional CTA per-
formed only if abnormalities are diagnosed on these ex-
aminations.6 Contrast enhanced ultrasound (CEUS) has also
demonstrated high sensitivity and speciﬁcity in the detec-
tion and classiﬁcation of endoleaks.7,8
Hybrid operating rooms have demonstrated their poten-
tial to reduce both contrast injection9,10 and radiation
exposure11 when they are equipped with the latest tech-
nologies and advanced imaging applications. Cone beam
computed tomography (CBCT), which is a CT like acquisition
performed through rotational angiography, is one of these
advanced applications. Biasi et al. ﬁrst reported the use of
contrast enhanced CBCT (ceCBCT) to assess patency of target
vessels12 and to track high ﬂow endoleaks.13 after EVAR.
In this study, the aim was to evaluate a new strategy to
assess technical success after standard and complex EVAR,
combining completion ceCBCT with post-operative CEUS.MATERIALS AND METHODS
Patient selection
Between December 2012 and July 2013, and October 2013
and April 2014, all patients undergoing EVAR or fenestrated
EVAR (FEVAR) for abdominal aortic aneurysms in the hybrid
room (Discovery IGS730 GE Healthcare, Chalfont St Giles,
UK) were enrolled in the current study. Patients with renal
insufﬁciency (deﬁned as estimated glomerular ﬁltration
rate < 60 mL/min) or requiring emergency treatment were
not included.
Two groups were considered. The ﬁrst group (group 1)
involved patients treated between December 2012 and July
2013. Completion angiography (CA) was performed at the
end of the procedure to assess technical success, followed by
computed tomography angiography (CTA) before discharge.
Patients in the second group (group 2) were treated
between October 2013 and April 2014. During this period,
ceCBCT was performed at the end of the procedure. In
addition, CEUS was performed during the ﬁrst month
following the procedure to corroborate the ceCBCT ﬁndings.
All procedures were performed under fusion imaging
guidance, according to the ALARA principles, with ﬂuoros-
copy used in low-dose mode and at a rate of 7.5 frames/
second. Technical details of the fusion process have been
described elsewhere.11Group 1
Final control in this group was performed with completion
anterioposterior (AP) aortography with 25 mL of contrastmedium at 10 mL/second (Omnipaque 350, GE Healthcare). If
endoleaks or kinks were diagnosed, a second angiogram was
required after correction. All patients underwent an abdom-
inal CTA before discharge, within 4e5 days of the procedure,
on a 64-slice multi-detector CT system (Brillance 64, Philips
Healthcare, Best, The Netherlands) with the following pa-
rameters: tube potential 120 kV; collimation 64  0.625 mm;
rotation time 0.5 seconds; pitch 0.8. The triphasic acquisitions
(unenhanced, arterial, and delayed phases) were systemati-
cally obtained with amaximum tube current of 150e250mAs,
dependent on automatic selection, and a longitudinal dose
modulation (ACS & Z-DOM; Philips Healthcare). The injection
protocol consisted of administration of 120 mL of a contrast
agent with 350 mg of iodine per milliliter (Ioversol, Optiject;
Guerbet, Roissy, France) at a ﬂow rate of 4 mL/second. The
examinationwas initiated by bolus tracking within the aorta at
the level of the thoraco-abdominal junction.Group 2
At the end of the EVAR procedure, ceCBCT acquisition was
performed, centered on the endograft. This examination was
performed with the following parameters: injection of 35 mL
of contrast medium (Omnipaque 350, GE Healthcare), diluted
with 35 mL of saline, at a rate of 10 mL/second. The delay
between the beginning of the injection and the beginning of
acquisition was 3 seconds. ceCBCT acquisition consisted of a 5
second C-arm rotation over 200 degrees, during which 150
angiographic images were collected. CT like cross sections
were automatically reconstructed on a workstation located in
the operating room. The resulting volume was an 18.3 cm
diameter cylinder that could be displayed using multiplanar
(MPR), maximum intensity projection (MIP) or 3 dimensional
volume rendering (3DVR) views (Fig. 1).
ceCBCT was reviewed by two experienced endovascular
therapists in consensus, speciﬁcally looking for type I or III
endoleaks, and bridging stent through fenestration, kinks or
limb kinks. If they were diagnosed, corrective treatment
was immediately performed and a ﬁnal check was achieved
with an AP angiogram.
CEUS were performed by three experienced angiologists
on the following equipment: Philips iE33 (Philips Healthcare,
Amsterdam, Netherlands), Vivid 7, and Vivid 9 (GE Health-
care, Salt Lake City, UT, USA) equipped with a convex 3.5-Mhz
probe. Typically US examinations included a standard
morphological investigation in B-mode followed by a blood
ﬂow analysis in pulse wave modality. CEUS was performed
after the administration of an intravenous bolus of 2.5 mL of
SonoVue (Bracco, Milan, Italy), ﬂushed with a 5 mL bolus of
isotonic saline solution. Endoleak detection was performed
at a low mechanical index (0.2e0.3) and with the focus
positioned behind the aorta to delay bubble destruction.Data collection
The following data were recorded for all patients:
 peri-operative events (type I or III endoleaks, kinks, or
occlusions of target vessels and bridging stents)
Figure 1. Three dimensional volume rendering reconstruction of contrast enhanced cone beam computed tomography after implantation
of a bifurcated endograft (a). Multiplanar reconstruction in transverse view (b), and maximum intensity projection coronal (c), and sagittal
(d) views to assess patency of the left renal and superior mesenteric artery stents after implantation of a fenestrated endograft.
Beneﬁts of Completion 3D Angiography 543requiring additional procedures during the initial
implantation or early secondary procedures (30 day
interval after the initial procedure);
 total dose area product (DAP, in Gy cm2). Percentage of
the total DAP corresponding to the rotational
acquisition, or to the completion angiography, was
calculated respectively for both groups;
 total volume of contrast medium injected during the
procedure and during the CTA examinations;
 doseelength product (DLP, in mGy cm) was recorded for
each CTA examination.Effective dose measurements
To compare radiation exposure between groups, DAP and
DLP were converted into effective dose (ED), expressed in
mSv.14 In group 2, ED was estimated from the DAP with a
conversion factor proposed by Suzuki et al.15 for the
abdomen.
For group 1, total ED was the sum of ED estimated from
the procedure DAP, using the same conversion factor, and
from the DLP using a consensual conversion factor.16Statistical analysis
Continuous variables are expressed as median with inter-
quartile range, or mean with standard deviation. Categorical
variables are presented as a percentage and 95% conﬁ-
dence interval. Comparisons between categorical variables
were performed with the chi-square test and between
continuous variables with the Student t test, or with the
ManneWhitney test. A p value <.05 was considered sig-
niﬁcant. All statistical analyses were performed with SPSS
20 software (SPSS, IBM, Chicago, IL, USA).RESULTS
Seventy-nine patients were included in group 1 and 54 in
group 2. There were no signiﬁcant differences between
groups regarding the procedure characteristics (Table 1).
Peri-operative events rates were respectively 8.9%
(n ¼ 7) and 33.3% (n ¼ 18) in group 1 and 2 (p < .001).
Additional procedures were performed in seven patients
(8.9%) in group 1 versus 17 (31.5%) in group 2 (p ¼ .001).
One type Ib endoleak was managed conservatively in a
patient that had undergone complete aortic coverage for a
Table 1. Patient and procedure characteristics in both groups.
Group 1 (n ¼ 79) Group 2 (n ¼ 54) p
Age 70.8 (64.4e77.5) 69.8 (64.6e75.7) .429
BMI 26.0 (23.4e30.0) 28.0 (24.8e31.3) .091
Procedure type .852
Bifurcated 54.4% (43) 53.7% (29)
Fenestrated (2 or 3 fenestrations) 21.5% (17) 18.5% (10)
Branched (and 4 fenestrations) 24.1% (19) 27.8% (15)
Intervention duration time (min) 132.5 (90.0e180.0) 132.5 (92.5e165.0) .976
Fluoroscopy time (min) 19.0 (10.0e37.3) 26.0 (12.0e36.0) .354
BMI ¼ body mass index.
544 A. Hertault et al.chronic type B dissection, because the risk of spinal cord
ischemia was deemed too high if embolization of the in-
ternal iliac artery was performed. Details of all events and
additional interventions are reported in Table 2.
Three early secondary procedures were performed in
group 1 (3.8%), and 2 (3.7%) in group 2 (p ¼ .978) (Table 3).
In group 1, secondary interventions were performed to ﬁx
one left renal stent fracture, one type III endoleak, and one
limb kink that were not diagnosed on the peri-operative
completion angiogram. In group 2, secondary in-
terventions performed were explantation of one infected
endograft in a patient who refused treatment of a post-
operative prostatic infection and who left the hospital and
was readmitted with septicemia, and one patient after renal
stent occlusion on the second post-operative day. On the
completion ceCBCT this stent was slightly kinked but the
patient’s anatomy was very tortuous, and initially it was
decided not to perform any additional procedures. Both
were diagnosed on an additional CTA that was performed
respectively to investigate sepsis and lumbar pain. With the
inclusion of these two patients, six patients (11.1%) in
group 2 required CTA during the post-operative period,
primarily to investigate abdominal or lumbar pain (4 of 6),
suspicion of pulmonary embolism (1 of 6), and sepsis (1
of 6).Table 2. Additional procedures.
Type of event Number of e
Group 1 Type Ia endoleak 1 (1.3%)
Type Ib endoleak 3 (3.8%)
Limb kink 2 (3.7%)
Lower renal artery partial coverage 1 (1.3%)
Group 2 Type Ia endoleak 4 (7.4%)
Type Ib endoleak 5 (9.3%)
Type III endoleak 1 (1.9%)
Target vessel stent kink 4 (7.4%)
Limb kink 3 (5.6%)
Lower renal artery partial coverage 1 (1.9%)Median DAP per procedure type and group are presented
in Table 4. Median radiation exposure from CBCT was
7.0 Gy cm2 (5.3e8.0) (36%, 27%, and 9% of the total pro-
cedure exposure, respectively, for bifurcated, fenestrated,
and branched endografts). Median exposure from comple-
tion angiography in group 1 was 2 Gy cm2 (1.0e3.0) (17%,
5%, and 5% of the total procedure exposure respectively for
bifurcated, fenestrated, and branched endografts). CEUS did
not diagnose endoleaks or any adverse events not diag-
nosed by ceCBCT.
Total radiation and volume of contrast injected during the
patient hospital stay in groups 1 and 2 were 34 (25.8e47.3)
and 11 (5e20.5) mSv, and 184 (150e240) and 91 (70e
132.8) mL respectively (reduction of 68% and 50%,
p < .001). Details per procedure type are listed Table 5.DISCUSSION
Impact on exposure to radiation and iodinated contrast
media
EVAR procedures are associated with repeated exposure to
X-rays, especially the CTAs performed during follow
up.1,14,17 There is an increased risk of biological concerns,
including cancer induction, especially in patients with long
life expectancy. Furthermore, iodinated contrast media canvents (%) Additional procedure
Balloon angioplasty
 Additional limb
 Balloon angioplasty (2)
 Balloon angioplasty
 Balloon expandable stent
Left renal stenting from humeral access
Balloon angioplasty (4)
 Additional limb (4)
 Monitoring
Additional balloon expandable covered stent in
the SMA during fenestrated procedure
Self expandable stent on the SMA (2)
 Balloon expandable stent
 Self expandable stent
 Balloon angioplasty complicated by iliac
rupture: internal iliac embolization and
additional limb
Renal stenting
Table 3. Early secondary interventions.
Reason for secondary intervention Secondary intervention type
Group 1 Left renal stent fracture
Left limb kink
Type III endoleak between limbs
Additional balloon expandable stent in the renal
artery e Recapture of the fractured stent and
immobilization in the endograft limb.
Additional balloon expandable stent
Additional bifurcated endograft
Group 2 Left renal stent thrombosis
Endograft infection
Attempt at recanalization
Graft explantation, followed by aorto-bi iliac
bypass
Beneﬁts of Completion 3D Angiography 545promote contrast-induced nephropathy (CIN).18 Its preva-
lence is increasing, with the growing aging population
affected by diabetes mellitus and chronic kidney disease.
Therefore, it is mandatory to develop new strategies to limit
exposure to radiation and iodinated contrast media. In this
study, median exposure due to ceCBCT was 7.0 Gy cm2,
which represented important additional radiation exposure
during bifurcated cases, but less than 10% of the total
procedure in the most complex cases. The ceCBCT/CEUS
combined strategy has demonstrated a signiﬁcant reduction
of total exposure to radiation (mSv) and volume of iodin-
ated contrast injected (mL), respectively of 68% (p < .001)
and 50% (p < .001) (all procedure types included) during
the patients’ hospital stay, as systematic post-operative CTA
was not required.
At the same time, different methods are being developed
for routine CTA in an attempt to provide the lowest possible
radiation dose while maintaining diagnostic image quality.
In particular, automated tube current modulation systems19
and low voltage protocols have a great effect on patient
dose.20 This last approach can now be used automatically21
leading to a 18% dose reduction in comparison with a ﬁxed
tube voltage of 120 kVp as used in the current CTA protocol.
To reduce the number of acquisitions, virtual non-contrast
images can be produced using dual energy CT as a substi-
tute for the common triphasic protocol.22,23 The most
recent option to reduce the dose is the use of iterative
reconstructions to restore the image quality after reduced
dose acquisitions by lowering the noise (this technique will
also be available with ceCBCT in the future). Using the latest
generation of these new algorithms, a recent study
demonstrated the diagnostic accuracy of CTA for EVAR
follow up, with ED levels down to 4.4 and 2.4 mSv for
arterial and delayed phases respectively.24 Iterative re-
constructions and the low voltage protocol may be used, as
previously described, in thoracic imaging.25
Post-operative CTA remains necessary to investigate
acute pain or organ failure in the post-operative period, in
particular after complex endografting. In the current studyTable 4. Median doseearea product (DAP) and volume of contrast m
Procedure type DAP (Gy cm2) Contrast med
Group 1 Group 2
Bifurcated 12.0 (9.0e20.0) 18.0 (11.5e3
Fenestrated (2 or 3 fenestrations) 42.0 (21.5e53.0) 29.5 (24.3e4
Branched (or 4 fenestrations) 44.0 (37.0e98.0) 77.0 (38.0e1six patients from the CBCT group required additional CTA.
Among these patients, two required a secondary
intervention.
Current strategies to assess technical success after EVAR
In their retrospective analysis of 615 EVAR, Sandford et al.26
reported 25 type I or type III endoleaks identiﬁed on the
pre-discharge duplex ultrasound examination that had not
been diagnosed on the completion angiogram. The sensi-
tivity and speciﬁcity of completion angiography to detect
endoleaks have been estimated respectively at 63% (range
60e70%) and 77% (range 58e100%), while it is 92% (range
80e100%) and 90% (range 85e92%) for CTA.27 This could
be explained by the difﬁculty demonstrating small leaks
with aortography; performing supraselective, with various
angulations, of all the potentially involved arteries would be
required for greater accuracy.28 Massoni et al.29 recently
demonstrated that after EVAR, approximately one third of
limb stenosis were not diagnosed with a standard antero-
posterior angiogram compared with an improved protocol
with three projection completion angiograms. This empha-
sizes the requirement to develop new strategies to assess
technical success intra-operatively in order to avoid sec-
ondary interventions.
Intra-operative CEUS has been proposed by Kopp et al.30
to assess technical success. Among the 17 patients included
in their study, one type Ia endoleak and one type III
endoleak, not identiﬁed on the completion aortogram, were
diagnosed with CEUS. According to the authors, this strat-
egy also appeared to signiﬁcantly decrease radiation expo-
sure and iodinated contrast medium volume. However,
visualization of the distal landing zone could not always be
completed, and CEUS was only performed when a trained
operator was available.
The use of intra-operative ceCBCT, to assess the endog-
raft distal landing zone after hybrid treatment of a thor-
acoabdominal aneurysm, was ﬁrst reported by Biasi et al.12
in 2008. In 2009, the same group reported the intra-
operative detection of a type Ia endoleak after EVAR withedium injected during the procedures.
ia (mL) p Group 1 Group 2 p
7.0) .394 59.5 (49.8e76.3) 75.0 (60.0e95.0) .848
5.0) .597 109.5 (75.0e139.0) 110.0 (92.0e132.0) 0.955
19.0) .176 120.0 (91.3e185.0) 112.0 (95.0e150.0) .651
Table 5. Total radiation and contrast medium volume during the hospital stay.
Procedure type Effective dose (mSv) Contrast media (mL) p Group 1 Group 2 p
Group 1 Group 2
Bifurcated 31.0 (23.0e43.0) 6.0 (3.3e13.5) <.001 179.0 (159.0e195.0) 80 (62.8e100) <.001
Fenestrated (2 or 3 fenestrations) 39.0 (26.5e58.5) 10.5 (7.0e33.3) .013 210 (157.5e251.0) 136.0 (71.5e221.3) .025
Branched (or 4 fenestrations) 37.5 (27.3e57.8) 22.0 (11.0e47.0) .560 225.0 (120.0e300.0) 113.5 (95.0e151.3) .001
546 A. Hertault et al.ceCBCT, which was not depicted with a two dimensional
aortogram.13 Dijkstra et al.9 evaluated the use of intra-
operative ceCBCT to conﬁrm successful aneurysm exclu-
sion after complex aortic endograft deployment in 19 pa-
tients. Six high ﬂow endoleaks were identiﬁed with ceCBCT
and treated during the same procedure. The ceCBCT results
of the remaining 13 patients were in accordance with the
results of post-operative CTA. In 2009, Biasi et al.31 pub-
lished a study comparing completion AP angiogram and
ceCBCT. They concluded that ceCBCT improved intra-
operative quality control after EVAR. In the 80 patients
who beneﬁted from ceCBCT, pre-discharge CTA did not di-
agnose graft complications that had not been depicted on
ceCBCT. In this study CEUS did not diagnose adverse events
that had not been diagnosed using ceCBCT. This would
suggest that ceCBCT alone can assess technical success
following EVAR but further prospective randomized studies
are required to conﬁrm it.Figure 2. Right type Ib endoleak (arrows) depicted on the
completion contrast enhanced cone beam computed tomography
after endovascular aortic repair. Multiplanar axial (a) and three
dimensional maximum intensity projection and volume rendering
reconstructions (b,c).Impact on additional procedures
In this study, a high rate (18.6%) of high ﬂow endoleaks was
detected with ceCBCT, especially distal type I endoleaks (Ib)
(Fig. 2). These results are consistent with the previous
report from Dijkstra et al.9 This high rate might be explained
by the fact that this examination is performed too early.
Minor endoleaks have been detected that are parallel and
anterior or posterior to the limbs or the main body, thus not
observed on an AP completion angiogram. Most of these
endoleaks probably seal spontaneously when normal
coagulation is restored after the procedure. By the time
post-operative CTA is performed, improved opening of the
endograft at the level of the sealing zones might also occur.
In addition, ceCBCT was reconstructed automatically in
multiplanar and 3D views on the workstation, which
allowed easy detection of kinks and accurate analyses of
bridging areas between stents or graft components, espe-
cially in complex cases.
At this institution all identiﬁed endoleaks or signiﬁcant
kinks are treated. In one patient with one type Ib endoleak
diagnosed by ceCBCT, this “all-treat” approach resulted in
an iliac rupture after a complementary molding balloon
angioplasty was performed. This rupture was successfully
treated by internal iliac embolization and limb extension.
Further investigations with long-term follow up are
mandatory to determine if these endoleaks/kinks are over
diagnosed with ceCBCT, and if they should be managed
aggressively or conservatively. This “all-treat” approach
might decrease the incidence of long-term failures,
including “unexplained” growing aneurysms.A signiﬁcant reduction of the secondary intervention rate
between the two strategies was not observed. This study
was conducted in a high volume center, and the re-
intervention rate in group 1 was only 3.8%, which is
lower than the usual reported values in the literature
(around 10%). Additionally, one of the re-interventions in
group 2 was a graft explantation secondary to graft
Beneﬁts of Completion 3D Angiography 547infection, which is not correlated with technical issues that
could have been detected on ceCBCT.
There are a number of study limitations:
 The hybrid room is equipped with a 30  30 cm ﬂat
panel detector; the acquisition ﬁeld was thus a
18.3  18.3 cm cylinder, which was enough to assess
technical success after bifurcated or fenestrated
endografting. However, the proximal sealing zone in the
thoracic aorta of branched cases cannot be checked with
a single ceCBCT acquisition. The use of larger ﬂat panel
detectors (40  40 or 40  30 cm) may resolve this
limitation.
 The multidetector CT system available in the institution
at the time of the study had not been updated with
the latest dose reduction techniques previously cited; a
100-kVp setting or an iteration reconstruction algorithm
can provide important dose reduction. The standard
post-operative CTA to assess technical success after
EVAR requires a triphasic protocol (unenhanced, arterial,
and delayed phases), whereas ceCBCT only requires a
single phase acquisition. Therefore, to assess “endoleaks/
kink/thrombosis/bridging stents,” monophasic ceCBCT
and triphasic CTA were compared. The ceCBCT was
complemented with a CEUS examination to ensure that
no information had been missed.
 Accurate comparison between ceCBCT and CTA, the
current gold standard, could not be performed in this
study. Such a comparison would require performing both
examinations on each patient, which would result in
signiﬁcant additional radiation exposure and iodinated
contrast injection. An unbiased comparison could be
performed with CEUS as sole post-operative control after
CA and ceCBCT. Moreover, a strict comparison of ceCBCT
and CTA would require leaving untreated type I or III
endoleaks shown on ceCBCT until CTA was performed,
which would then necessitate a secondary intervention.
 The ED was estimated with the use of validated
conversion factors for each modality. Even if this
method has been previously reported,14 those
estimations are associated with margins of error. It was
assumed that they were similar in both methods and
thus did not affect the results of the study.
 Finally, this is a prospective but non-randomized study
with a small cohort.CONCLUSION
In this study, the feasibility of completion ceCBCT to assess
technical success in routine practice (limited to the visceral
segment in FEVAR/BEVAR cases) was demonstrated. It
allowed accurate detection of endoleaks or kinks and
depicted complications requiring additional treatment dur-
ing the primary procedure. Further investigations are
required to determine if these additional procedures
improve mid- and long-term outcomes. A strategy
combining ceCBCT with CEUS to evaluate clinical success
reduces the requirement for post-operative CTA, and thusreduces total in hospital radiation exposure and contrast
media volume injection.CONFLICT OF INTEREST
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